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Abstract
At Iowa State University we have developed and are continuing to design programs into our undergraduate
and graduate curricula that will establish a sound practice of proper chemical hygiene in the laboratory. Our
efforts include: (1) for all entering graduate students, an introductory graduate course to teach proper
laboratory procedures and handling of chemicals; (2) for advanced graduate students, a chemistry safety
committee which interacts with our university's EH&S department to learn about EPA and OSHA
requirements so as to maintain a high level of safety awareness throughout our research labs; and (3) for our
undergraduate introductory chemistry students, supplementary readings and prelaboratory quizzes designed
with chemical safety in mind, e.g., waste handling procedures, first aid, MSDS's, and the use of safety
equipment. The fundamental goals of our approach are not only to teach students appropriate safety
measures, but also to involve them in the enforcement of basic prudent practices in the laboratory.
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Chapter 10 
Safety in the Chemistry Curriculum at Iowa State 
University 
Gordon J. Miller1 and Paul Richmond2 
1Departments of Chemistry and 2Environmental Health and Safety, Iowa State 
University, Ames, IA 50011 
At Iowa State University we have developed and are continuing to 
design programs into our undergraduate and graduate curricula that 
will establish a sound practice of proper chemical hygiene in the 
laboratory. Our efforts include: (1) for all entering graduate students, 
an introductory graduate course to teach proper laboratory 
procedures and handling of chemicals; (2) for advanced graduate 
students, a chemistry safety committee which interacts with our 
university's EH&S department to learn about EPA and OSHA 
requirements so as to maintain a high level of safety awareness 
throughout our research labs; and (3) for our undergraduate 
introductory chemistry students, supplementary readings and pre-
laboratory quizzes designed with chemical safety in mind, e.g., waste 
handling procedures, first aid, MSDS's, and the use of safety 
equipment. The fundamental goals of our approach are not only to 
teach students appropriate safety measures, but also to involve them 
in the enforcement of basic prudent practices in the laboratory. 
According to Prudent Practices in the Laboratory, "the new culture of laboratory 
safety implements the priority of 'safety first' through a greatly increased emphasis 
on experiment planning." (1) Of course, this attitude must be instilled early and 
developed continually, for it affects all members of the laboratory community. In 
many universities, safety education in chemistry has been delegated primarily to a 
few regulatory documents at the beginning of a laboratory course, or an occasional 
warning in the description of a specific experiment. Moreover, safety issues are 
seldom raised in lecture-based chemistry courses. As one of the first land-grant 
colleges in the United States, Iowa State University adopts an educational 
philosophy that emphasizes applied and basic research and blends practical with 
liberal education. Therefore, Iowa State has an orientation toward science and 
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technology, with strengths in engineering and agriculture. Chemistry, the central 
science, plays a key role in the curriculum of many students, many of whom will go 
on to scientific leadership positions in industry, academia, and government. Not 
only will these individuals carry scientific research into the 21st century, but they 
must also confront the responsibility of experimental implications and risks as well 
as the increasing regulatory actions designed to minimize hazardous situations. 
At Iowa State University we have begun to implement programs into the 
undergraduate and graduate chemistry curriculum that will increase the awareness 
and knowledge of chemical hygiene and laboratory safety issues among our 
students. These developments impact both teaching and research laboratories. 
Furthermore, with the assistance of the Ames Laboratory, postdoctoral research 
associates also undergo continued education in proper chemical hygiene and safety. 
This chapter summarizes our attempts to educate our students about prudent 
practices in the laboratory, management of chemicals and chemical waste, 
regulatory agencies and their roles, as well as appropriate actions and responses 
when a laboratory accident occurs. 
Safety in the Curriculum: When and How? 
Chemistry faculty, staff, and students, as well as officials in the department of 
Environmental Health and Safety (EH&S) universally agree that safety education is 
of paramount importance in the scientific curriculum. Such ideas need to be 
fostered at the beginning and continuously redressed and repeated throughout the 
entire education. Since Iowa State University offers undergraduate and graduate 
degrees, there are two types of efforts required. At the undergraduate level, 
education of fundamentals is needed, which includes laboratory protocol, use of 
safety equipment, familiarity with material safety data sheets (MSDSs), basics of 
first aid, and some of the specific terminology. For graduate students, this 
education must be reinforced and reviewed. Moreover, since these students will go 
on to accept scientific leadership positions in industry, academia, and the 
government, awareness of regulatory enforcement and knowledge of management's 
responsibilities are additional skills that laboratory supervisors, faculty, and 
administrators require for the effective and proper management of their scientific 
laboratories. 
In order to effect a sound education in proper chemical hygiene and prudent 
practice, total commitment by the faculty is demanded. This commitment starts in 
the research laboratory, in which graduate students and post-doctoral associates are 
performing research for several years. Faculty members must take a proactive (and 
not reactive) stance toward chemical hygiene, which includes written standard 
operating procedures, training records, safety reviews, inventories, and occasional 
laboratory inspections. These practices can also become part of the supervision of 
teaching laboratories. Since graduate students serve as teaching assistants for large 
laboratory courses, undergraduate students are learning most laboratory techniques 
and chemical hygiene from these instructors. Such habits include maintaining a 
well organized and complete notebook, sound planning strategies and pre-lab 
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preparations, wearing safety equipment (e.g., goggles and lab coat), and appropriate 
disposal practices. Therefore, a training program for teaching and research 
assistants must be in place. 
Our efforts in the chemistry department have greatly benefited by close 
collaboration with both Iowa State University's Department of Environmental 
Health and Safety, which is headed by Emery Sobottka and contains a staff of 
approximately 30 members, as well as the Ames Laboratory (supported by the 
Department of Energy and operated by Iowa State University), which has its own 
EH&S division. The ISU EH&S department handles issues involving general 
safety, hazardous waste, radiation safety, environmental safety, industrial hygiene, 
and risk management throughout the university. This department works with both 
our research and teaching efforts by helping faculty, staff, and students create and 
maintain a chemically and physically safe working environment, as well as helping 
us to better understand and comply with OSHA and EPA regulations. 
Teaching and Enforcing Safety Practices 
Our efforts to implement safety education in the chemistry curriculum are directed 
toward both our undergraduate and graduate programs. The impact and the 
effectiveness of our programs still await review and assessment. Nevertheless, we 
believe that this continuing proactive direction will help maintain proper and 
prudent practices in our research laboratories as well as promote sound safety 
education in our teaching laboratories. Since many of our graduates move on to 
industrial or academic positions, we expect and sincerely hope that these ideas will 
create positive attitudes towards chemical hygiene and safety in research and 
teaching laboratories throughout the country. Table I summarizes where our 
students have gone upon graduation for the last three years. Records in the 
chemistry department allow a yearly assessment, whereas the numbers for chemical 
engineering majors are summed over the three-year period. Certainly, any safety 
instruction will lay the foundation of sound chemical hygiene at a wide range of 
working environments for our students. 
The Undergraduate Program. Many undergraduates participate in one year of 
general chemistry, which includes lectures and weekly laboratory exercises. 
Students interested in pursuing life sciences, chemical engineering, and chemistry 
also pursue organic and physical chemistry. Furthermore, chemistry majors are 
required to perform an independent research project with a faculty member in the 
chemistry department. During the past academic year (1996-97), we have focused 
our efforts on the general chemistry program, because any safety instruction that 
takes place with these courses will have the broadest impact, and will allow us to 
evaluate the perceptions of a wide range of student interests. In order to gauge the 
potential impact of these programs, the final enrollment numbers for our general 
chemistry courses during the past three academic years are: 1994-95, 4254; 1995-
96, 4211; and 1996-97, 3949. 
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Table I. Placement of Chemistry and Chemical Engineering Graduates from 
Iowa State University during Last Three Years 
Students Year Number Industry Academic Other 
Undergraduates 1995-96 18 9 5 4 
(B.S., B.A.) 1994-95 23 9 11 3 
1993-94 18 12 5 1 
Graduates 1995-96 37 10 17 10 
(M.S.; Ph.D.) 1994-95 42 17 15 10 
1993-94 47 17 22 8 
Chem. Eng. 1993-96 423 183 90 150 
Introductory Chemistry. Safety instruction was directed at the laboratory 
courses. During the past year, students were assigned sections from the book, 
Working Safely with Chemicals, C. Gorman, Editor and published by Genium 
Publishers, with each laboratory experiment. (2) Sections from this book were 
selected based upon an instruction of fundamental terminology and concepts, or a 
selection of passages which was relevant to the experiment at hand. Topics from 
this book that were emphasized included routes of entry, laboratory protocol, 
exposure limits of various metal and nonmetal ions, basics of first aid, and the 
MSDS's and chemical profiles. Students were expected to answer a short pre-lab 
quiz which examined whether they had read this material or not; these scores did 
contribute to the final semester grade. We found this text offered much relevant 
information, but the writing style created a barrier towards how seriously the 
students treated this material. Some of the prose involves a cartoon character's 
conversation with the reader that carries on throughout the book. Although this 
style may be engaging for some readers, it did not attract or motivate our students. 
Another exercise that is reviewed periodically throughout each semester is to have 
each student draw a plan of the teaching laboratory that points out all safety 
features. These include exits, routes to exits, telephone, fire protection equipment 
(blankets and extinguishers), showers, spill kits, first aid kits, etc. 
Advanced Chemistry Laboratories. At this point, safety education is 
explicitly limited to brief safety-related descriptions included in each set of 
experimental instructions. In organic chemistry laboratories, students encounter 
hoods for the first time, and the extent of instruction depends primarily on the 
initiative of the teaching assistant in charge of a given laboratory. 
Lecture Courses. At Iowa State University, the lecture is the place where 
each instructor can establish the greatest control over the education and perception 
of proper chemical hygiene. Speaking from our own personal experiences, safety 
education enters the lecture through demonstrations, anecdotes, and carefully chosen 
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homework problems that combine fundamental chemical concepts with safety 
issues. If, as an instructor, you are able and willing to perform frequent chemical 
demonstrations, set the example by wearing goggles and a lab coat. While 
discussing the chemical principles in view, mention the planning and preparation 
that is needed to build the demonstration and comment on fail-safe measures that 
are available in case something should go awry. For many students, the instructor is 
the first professional chemist they will meet. Use personal anecdotes not only to 
relate chemical concepts, but also to share your own experiences involving chemical 
hygiene in the laboratory. Certainly the most memorable stories often involve an 
accident; what measures were taken by emergency personnel and how was the 
chemical problem dealt with? Finally, use or create homework problems for your 
students that address safety or even environmental issues: dimensional analysis 
problems are particularly appropriate here because fundamental units of 
measurements can change from one field to another. Thus, exposure levels for 
hazardous gases, like H 2S or CO, are often quoted in ppm, but reactions that 
generate these gases involve moles. Problems involving waste handling are also 
appropriate because they can teach students the importance of understanding 
concentration units in aqueous solutions. Here is an example of a series of 
questions that are found in The Extraordinary Chemistry of Ordinary Things, 2nd 
Ed.M Carl. H. Synder(3): 
According to the pollution limits for Dade County, Florida (shown 
on page 370, Table 13.6), could 10 liters of solution that contains a 
total of 0.6 milligram of arsenic be discharged legally as industrial 
waste water? Could this solution be discharged legally into sanitary 
sewers? Does this solution meet the drinking water standard for this 
region? How much water (if any at all) that is uncontaminated by 
arsenic would you have to add to the 10 liters of solution in order to 
meet the arsenic standard for each of the categories mentioned 
above? Consult the MSDS for arsenic and describe the potential 
hazards associated with high levels of arsenic in water. 
This problem requires students to perform fundamental calculations of 
concentration, convert units from grams per liter to ppm, read and analyze a table of 
data, draw inferences from their calculations, and also to make decisions about their 
results. Such problems are important in the education of our students, because we 
want to foster this type of analytical and critical thinking towards "real world" 
problems. 
Research Labs. Undergraduates who are required or elect a research project 
with a faculty member must undergo the same safety training and orientation that 
applies to graduate students, post-doctoral associates, and any other visiting scientist 
to our laboratories. The chemistry department has enacted various safety training 
programs initiated by the Ames Laboratory to assist with the safety education of 
new researchers. Such training involves an initial three-hour orientation followed 
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by specialized videos that address certain aspects of laboratory and equipment 
protocol. 
The Graduate Program. Major efforts have initially taken place within our 
graduate program, which involves approximately 150 graduate students annually. 
These students are active not only in chemical research, but also as teaching 
assistants in our laboratory and some lecture courses, and will greatly influence the 
attitudes and practices of sound chemical hygiene among our undergraduates. 
Furthermore, our graduates take leading roles in industrial and academic research 
environments. During the past three years, we have begun a course for new 
graduate students in chemistry to review proper chemical hygiene, and last year we 
began a student safety committee as part of their continuing education, which is 
designed to treat enforcement and administrative aspects of the responsibilities 
associated with safety. 
Role of the Teaching Assistant. Teaching assistants in general and organic 
chemistry laboratory courses usually perform their duties in two three-hour sessions 
every week. Since there is no formal lecture to accompany the laboratory course, 
instruction comes completely from these teaching assistants. Therefore, our 
teaching assistants impart tremendous influences on our undergraduate students 
regarding overall chemical hygiene. This influence involves (1) establishing 
prudent and proper practices in the laboratory; (2) demonstrating appropriate 
attitudes towards chemical hygiene; and (3) enforcing course, departmental, and 
university regulations for conduct in the laboratory. Prudent practices at the general 
chemistry level mean performing sufficient and necessary pre-lab preparations, 
maintaining an informative and complete notebook, becoming familiar with new 
equipment, and learning how to properly dispose of chemical waste. These issues 
can be directly linked to the laboratory grading policy. Demonstrating appropriate 
attitudes towards chemical hygiene, however, is intangible. The most effective 
teachers will emphasize that "chemistry is fun," while managing to develop a 
student's respect (and not fear!) for chemicals. In order to achieve this among both 
domestic and international students, we provide a two-week course in "Teaching 
Methodology," which includes practice in classroom presentations, basics of 
chemical and fire safety training, as well as instruction in various pedagogical 
techniques. This course is a fundamental part of the orientation of new graduate 
students to the chemistry department. 
Chemistry 550. This course is offered as a one credit course (one contact 
hour per week) during the Fall semester for all new graduate students in our 
chemistry department. Chemistry 550 is a general laboratory safety course designed 
for chemists working or teaching in a chemical laboratory or related facility. 
Performance is based upon attendance and brief in-class quizzes. The course 
utilizes material presented in Prudent Practices in the Laboratory, Handling and 
Disposal of Chemicals, which was published by the National Academy Press in 
1995.1 Table II summarizes the list of topics covered in this course. Presentations 
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are given by various chemistry faculty and staff from the EH&S department. The 
course involves ACS videos, reviews the ISU Chemical Hygiene Plan, and 
discusses various topics such as chemical storage, waste management, radiation 
safety, gas and cryogenic use, and vacuum technology. Upon joining a research 
group, in-depth training is offered for the specific instrumentation and procedures 
utilized in that group: Documentation is maintained by the graduate student's 
research advisor. 
Table II. Schedule of Lectures in Chemistry 550 
Lecture # Topic 
1 ACS Video: Introduction to Laboratory Safety 
2 ACS Video: Protection Against the Odds; Engineering controls, 
including fume hoods, glove boxes, and shielding 
3 ACS Video: Safe Laboratory Procedures; Emergency 
procedures 
4 ACS Video: Chemical Safety and Environmental Regulations; 
OSHA, 5 EPA, and DOT regulations 
5 ISU Chemical Hygiene Plan:6 Managing Risks 
6 Compressed Gases 
7 Chemical Storage Issues 
8 Chemical Waste and Disposal 
9 Radiation Safety 
10 Radiation Safety (cont.) 
11 Laser Safety 
12 Low and High Pressure Work 
13 Review 
Chemistry Safety Representatives. In order to ameliorate the enforcement 
and review of regulatory compliances in our research and teaching laboratories, we 
have formed a committee of third and fourth-year graduate students (one from each 
research group) called the Chemistry Safety Representatives. This committee of 
students conducts biweekly meetings with staff members from EH&S to review 
aspects of proper chemical hygiene and safety management. Issues such as 
chemical storage (compatibility, labeling, dating), fire safety (electrical safety), 
hood operation and management, waste disposal (EPA regulations and 
recommendations), as well as documentation (inventories, training records, standard 
operating procedures) are reviewed. Then, as an additional part of each meeting, 
this committee visits two research or teaching laboratories to "perform an 
inspection." The students are expected to make and record observations, which are 
reviewed immediately by EH&S staff members who accompanied them. Their 
observations are filed with the department and the professor in charge of the 
laboratory. During the first year of this exercise, we have found this method of 
safety enforcement to be exceedingly effective in reducing many typical problems: 
these involve proper labeling of chemical reagents, in particular those synthesized in 
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the lab, hood usage, waste storage, storing chemicals compatibly, and maintaining 
current training records. 
Future Developments 
Since Chemistry 550 was incorporated into the graduate curriculum three years ago, 
every graduate student in the chemistry department at Iowa State University has 
now received and will continue to receive this fundamental training offered by the 
department. The committee of chemistry safety representatives noticeably increased 
the overall department's awareness and attention to several chemical safety issues, 
and thus represents a type of continuing education for our graduate students. Future 
efforts for safety education for our graduate students are designed at maintaining the 
continuity of these two programs. 
Our next major thrust, however, is towards the undergraduate curriculum, in 
which we must address issues for chemistry majors as well as nonmajors. In Fall, 
1997, we shall implement a Proper Chemical Hygiene and Safety component in all 
introductory chemistry laboratories, which is designed to be generalized and then 
incorporated into our advanced laboratory courses. The plan was created because of 
the review of our usage of Working Safely with Chemicals, C. Gorman, Editor and 
published by Genium Publishers (2). Students recommended a more concise, yet 
equally informative pamphlet on proper chemical hygiene. Unfortunately, Safety in 
Academic Chemistry Laboratories, published by the American Chemical Society (4) 
provides too much information for the first-year student in our courses. Therefore, 
we are creating our own set of instructional materials. Table III lists our proposed 
"syllabus" for this academic year. This table lists topics and some corresponding 
exercises for the students, which can be used either as a pre-lab problem, or as part 
of the final laboratory report. Some of the topics span several weeks to give 
students time to study and work with the fundamental concepts of these topics. As 
we work with this material, our goal is to incorporate these ideas into the advanced 
chemistry laboratories, but to design exercises which are specific to the concepts 
addressed in the specific laboratory course. 
Additional future efforts, which are still in the discussion and planning stages, may 
include: 
• offering or requiring Chemistry 550 or a similar variant (as a short course) to all 
undergraduate majors passing through the chemistry department curriculum. 
One possibility is to offer an interactive safety training course which would have 
to be completed by students before completing their chemistry lecture/lab course. 
The program would record time spent on programs and would offer quizzes on 
each subject covered. Students could work at their own speed outside the formal 
classroom, but provisions for questions and answers would be made during the 
lecture or laboratory periods. 
• assigning a faculty member who is responsible for the safety element of the 
department to the Undergraduate Affairs and Curriculum Committee or other 
committees responsible for course content. 
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Table III. Proposed Syllabus for Proper Chemical Hygiene and Safety as part 
of ISU's Undergraduate Chemistry Laboratory Courses 
Topics Exercises 
1. Personal Protection & Lab Protocol 
(1 week) 
2. Safety Equipment & Emergency Procedures 
(1 week) 
3. Terminology: Chemical Terms (flammable, 
combustible, etc.); Exposure Limits; NFPA 
Signs and other Symbols 
(3 weeks) 
4. Material Safety Data Sheets: Information; Who 
uses them; Evaluation 
(4 weeks) 
5. Federal Agencies: OSHA, EPA 
(2 weeks) 
Diagram of Lab 
Simple Calculations; 
Find and Interpret NFPA 
Signs in Chemistry Building 
Find MSDS for chemical in 
lab experiment using World-
Wide-Web; 
Condense and Evaluate the 
Information 
• having undergraduate students assist in the design and writing of standard 
operating procedures for their laboratory projects. 
• establishing a video library such as the ACS series that can be viewed at a 
student's convenience. Some sort of documentation of viewing, such as 
completion of questions from the video subject could be required. 
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